To estimate cumulative risks of morbidity associated with the choice of elective cesarean delivery for a first delivery.
RESULTS:
Choosing an initial cesarean delivery resulted in a 0.3% increased risk of a major adverse maternal outcome in the first pregnancy. In each subsequent pregnancy, the difference in composite maternal morbidity increased such that by the fourth pregnancy, the cumulative risk of a major adverse maternal outcome was nearly 10% in the elective primary cesarean delivery group, three times higher than women who initially underwent a trial of labor. Although the choice of an initial cesarean delivery resulted in 2.4 and 0.41 fewer cases of cerebral palsy and brachial plexus palsy, respectively, per 10,000 women in the first pregnancy, by a fourth pregnancy, the risk of a adverse neonatal outcome was higher among offspring of women who had chosen the initial elective cesarean delivery (0.368% compared with 0.363%).
CONCLUSION:
Maternal morbidity associated with the choice of primary elective cesarean delivery increases in each subsequent pregnancy and is greater in magnitude than that associated with the choice of a trial of labor. These increased risks are not offset by a substantive reduction in the risk of neonatal morbidity. O ver the past decades, the frequency of cesarean delivery has risen dramatically. 1 This increase is multifactorial and the result of trends in the frequency of both repeat and primary cesarean deliveries. The most rapidly increasing indication for primary cesarean delivery is maternal request, which has doubled over the past decade. 2 There is a paucity of data regarding the reasons a woman may request a primary cesarean delivery. Fear of childbirth and its associated morbidity have been cited as prominent contributing factors toward such a request. 3 These concerns have been supported by some experts, who have suggested that a planned cesarean delivery is less morbid than a trial of labor when weighing in the rates of an unplanned cesarean delivery. [4] [5] [6] In contrast, others believe that the morbidity related to a trial of labor is unfounded, and in some health care systems, programs have been developed to mitigate this concern and support the choice of a trial of labor. 7 A recent National Institutes of Health consensus conference could not determine that one route was clearly more preferred based on available evidence. 8 The lack of consensus has translated to a shifting attitude toward the approach to delivery with more patients having cesarean delivery for maternal request.
One of the limitations of the available data is its focus on short-term outcomes related only to the initial pregnancy. However, the decision about route of delivery in one pregnancy has ramifications through subsequent pregnancies given the increased morbidity associated with multiple abdominal surgeries and uterine scars. Yet the comparative morbidity across multiple pregnancies related to the initial approach to delivery remains uncertain. A properly powered observational study that would provide such data would require many thousands of women given the relatively low frequency of adverse events that occur with either delivery approach. The logistic difficulty of this makes such an observational study unlikely to be performed. Thus, we designed a decision analysis to provide a framework for understanding the risks over the reproductive lifespan associated with either trial of labor or elective cesarean delivery for an initial delivery.
MATERIALS AND METHODS
A decision analytic model was designed to compare maternal and neonatal morbidity incurred as a consequence of the two different approaches a nulliparous woman could use at her first delivery: trial of labor or elective cesarean delivery. This model included women at term with a singleton gestation in the vertex presentation and no contraindication (eg, placenta previa) to a trial of labor. This model evaluated five maternal obstetric complications that can be ascertained at or near the time of delivery (transfusion, operative injury to the bowel or bladder, deep venous thrombosis, hysterectomy, and death) as well as the neonatal outcomes of cerebral palsy and permanent brachial plexus palsy.
When estimating the morbidity related to a woman's approach to her first delivery, it is important to consider the entirety of her reproductive life given that the initial approach to delivery has ramifications for health outcomes over time. For example, a woman who has chosen an elective cesarean delivery in her first pregnancy likely will forego a trial of labor after a cesarean delivery and continue to have additional cesarean deliveries in subsequent pregnancies. Such a choice, then, affects the probabilities of placenta previa, placenta accrete, or both, which themselves affect the probability of other major complications. [10] [11] [12] The majority (67%) of American women will experience at least two deliveries and up to 15% will have four or more pregnancies. 13, 14 Thus, this model incorporated not only the index pregnancy, but subsequent pregnancies, and predicated probabilities of events based on prior obstetric history.
In this model, all women who chose a cesarean delivery initially or who had a cesarean delivery after attempting a trial of labor chose to have repeat cesarean deliveries in future pregnancies. This modeling decision was made to avoid confounding of the initial approach-to-delivery decision with consequences related to a trial of labor after cesarean delivery and also because it is likely that a woman who chooses an elective cesarean delivery for a first delivery will not choose a trial of labor after cesarean delivery. Conversely, women who chose a trial of labor initially and had a vaginal delivery continued to choose a trial of labor in subsequent pregnancies unless a contraindication to labor (such as a malpresentation or a placenta previa) occurred. In such a case, they underwent an indicated cesarean delivery.
Probabilities of events, stratified by route of delivery and by parity, were determined from available literature (Table 1) . If multiple estimates were available for a particular parameter, a mean was derived weighted by the sample size that served as the basis for the estimate and then used as a baseline result for the model. Ranges used in sensitivity analyses were determined by the lowest and highest values for a given estimate found in the literature. If only one source for an estimate was available, the range was determined according to the 95% confidence interval determined with the binomial proportions method.
In addition to estimation of the individual maternal morbidities, a composite maternal morbidity outcome, which included the occurrence of one of the five individual maternal morbidities, was determined. A woman was considered to have this composite outcome if she experienced any one of the individual morbidities. Also, to determine the frequency of each individual morbidity, a hierarchy was used such that the categorization of the complication was determined by the morbidity considered most significant. In this hierarchy, complications were ranked from least to most morbid as follows: transfusion, operative injury, deep venous thrombosis, hysterectomy, and death.
The probability of cerebral palsy, related to a trial of labor, was predicated on the estimate that cerebral palsy occurs in approximately one per 1,000 births with 4-30% of these cases related to an intrapartum event. 48 Thus, cesarean delivery would reduce this risk. However, having a placenta previa is associated with an earlier gestational age at delivery. 20 Insofar as cesarean delivery increases the risk of a placenta previa, women with one or more cesarean deliveries are more likely to deliver prematurely as a result of vaginal bleeding with the attendant increased probability of cerebral palsy than women without a prior cesarean delivery. Using published distributions of gestational age at delivery with and without a previa as well as gestational age-based risks of cerebral palsy, the risk of cerebral palsy attributed to prematurity was calculated. 20, 21, 49 Similarly, the frequency of brachial plexus palsy at vaginal delivery and of subsequent permanent palsy were obtained from the existing literature. [50] [51] [52] [53] [54] [55] These probabilities were assumed to be independent of parity.
Maternal and perinatal morbidity were compared per pregnancy as well as over a woman's reproductive life based on the initial choice of approach to delivery. One-way sensitivity analyses were performed to determine which, if any, variables altered the results. Best and worst case scenarios also were determined by varying all probabilities simultaneously to the values that favored either the trial of labor or elective cesarean delivery approach. This decision tree model was constructed using Tree Plan 1.61. This study was exempt from institutional review board approval.
RESULTS
Under baseline estimates, individual maternal morbidities and the composite outcome in the first pregnancy are more frequent in women who undergo an elective primary cesarean delivery (Table 2) . However, this difference in the frequency of either an individual or composite adverse outcome is small. Table 2 also illustrates the frequency of individual and composite complications for women in each pregnancy successive to the first. As more pregnancies are undertaken, the difference in risk of maternal morbidity between those who chose an elective primary cesarean delivery and those who chose a trial of labor widens. Table 3 summarizes the risk in each pregnancy of composite maternal morbidity associated with the choice of elective primary cesarean delivery as well as the cumulative risk according to the total number of pregnancies a woman has had. By the time a woman has had four pregnancies, her cumulative chance of obstetric morbidity has increased to nearly 10% as compared with 3.5% if she initially had chosen a trial of labor. With regard to neonatal outcomes, cerebral palsy and brachial plexus palsy were less common with an elective cesarean delivery in the first pregnancy compared with a trial of labor (Table 4 ) and the cumulative composite neonatal morbidity remains smaller in women undergoing a primary elective cesarean delivery (Table 5 ). However, the differences in individual pregnancy risk are progressively attenuated as additional pregnancies occur, and by the fourth pregnancy, there is actually a marginal increase in the frequency of cerebral palsy and the composite neonatal morbidity outcome among women who chose an elective primary cesarean delivery in their first pregnancy ( Table 5) .
The trend in the frequency of the maternal outcomes remains throughout univariable sensitivity analysis. In addition, even when estimates are simultaneously varied to values that favor trial of labor or elective cesarean delivery, the results remain similar (Table 6 ). For example, when estimates are varied to values that favor elective cesarean delivery, the composite maternal risks remain greater among women who had an elective primary cesarean delivery, but the difference between the two approaches to delivery narrows. Conversely, when model inputs are changed to the probabilities that favor a trial of labor, the difference in composite maternal complication rates between the elective primary cesarean delivery and the trial of labor approach widens. For neonatal outcomes, when estimates are simultaneously varied to values that minimize the risks associated with vaginal delivery, cumulative adverse neonatal outcomes are more frequent with elective cesarean delivery by the third pregnancy. Conversely, when estimates of neonatal morbidity are simultaneously varied to values that favor elective cesarean delivery, the maximum absolute risk increase for either cerebral palsy or permanent brachial plexus palsy in any one pregnancy associated with a trial of labor strategy is 0.095%.
DISCUSSION
This decision analysis reveals the extent to which the initial choice of approach to delivery has consequences throughout a woman's reproductive life. Specifically, women who choose to undergo primary elective cesarean delivery incur greater risks of maternal morbidity and mortality. The difference in attributable risk is small in an initial pregnancy but widens in each pregnancy such that by the fourth pregnancy, the cumulative risk of the composite adverse outcome is nearly 10% in the baseline model and as high as 37% using the input estimates that favor trial of labor. This risk increase is not only the result of the greater risks of operative complications, but also the consequences of placenta previa and accreta. The probability of these placentation disorders not only increases with each additional cesarean delivery, but when they do occur, the probability of a complication increases markedly. Moreover, this model demonstrates that elective first cesarean delivery may allow one to avoid the infrequent intrapartum neonatal events that occur during trials of labor and that may be associated with longterm neurodevelopmental impairment. However, the initial choice of cesarean delivery results in additional placenta previas. The associated emergent deliveries and preterm births are associated with perinatal risks. Thus, although the cumulative neonatal risks are marginally decreased in the primary elective cesarean delivery group, for an individual pregnancy, the marginal benefit is progressively attenuated and ultimately negated by the time of the fourth pregnancy. One outcome of this study was maternal morbidity experienced at the time of a delivery. This outcome was chosen both because of its importance as well as the availability of reasonable estimates for the probability of its occurrence. However, there may be other maternal factors that women incorporate into the decision-making process. For example, some women may wish to avoid vaginal birth given the concern about future pelvic floor disorders. Although a potentially important consideration, good data with regard to the marginal difference in long-term incontinence from route of delivery are lacking. 8, 56, 57 Nevertheless, even if all maternal outcomes cannot be quantified, those that can be derived from the data that do exist should be available to women and their health care providers.
Neonatal outcomes chosen included those known to be affected by route of delivery. Insofar as elective cesarean delivery is often scheduled at 39 weeks of gestation, some have suggested that stillbirth rates could be reduced by using a strategy of elective cesarean delivery. 58 Elective cesarean delivery at 39 weeks at gestation would, indeed, reduce the incremental increase in stillbirth associated with expectant management of pregnancy after this point. However, elective induction of labor at 39 weeks of gestation offers a similar reduction in rates of stillbirth. Thus, stillbirth is not intrinsically related to route of delivery but rather timing of delivery, and as such, it was not included as an outcome in this decision analysis. Given its infrequency, even if it were included, the general trends and conclusions would be unlikely to be affected. Limitations of this study are those inherent in any decision analysis. The majority of published data regarding complications at the time of delivery is from referral centers. These referral centers may have higherrisk parturients or may have different complication frequencies even for patients with similar risk. The estimates used, therefore, may not be generalizable to all centers. To compensate for uncertainties in the estimates available in the literature, wide ranges of probabilities were used in sensitivity analysis to assess whether our results were dependent on our initial assumptions. Our confidence in our conclusions is buttressed by the results from this sensitivity analysis, which revealed a robust model with relatively stable results.
As the National Institute of Child Health and Human Development has stated, there has not been sufficient information from clinical studies to counsel women about which approach to the first delivery is clearly better. One piece of data that is lacking is the cumulative ramifications of the initial choice. Decision analytic models are one method to provide insight when observational studies or randomized trials have not been or cannot be done. Our analysis cannot determine that one approach is "better" than another, particularly because some outcomes (eg, incontinence) remain poorly characterized and because such a determination would need to include preferences accorded to different routes of delivery by women. Nevertheless, this analysis can provide information that may be helpful in counseling and emphasizes that although an initial cesarean delivery may result in only a marginally increased risk of maternal morbidity and a marginally decreased neonatal risk compared with a trial of labor, the difference in maternal morbidity throughout reproductive life become increasingly larger, whereas the difference in perinatal outcomes becomes increasingly smaller. 
